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«§<*MH ^ 5d5^f ^ ^eH ^7l, ^"71 jU* ^^Hr 

^-o. ^ ^ ^ ^JfJLJfEi ^3 ^ «^ 4i*r 

(LRT) 31^* i^tf. 
£ 3 

e)-§e}Alo> ^f-TflS.^, VAD, 7>-^a]o1- 
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^s.^Alo> <>l-§-*!; ^ ^#71 ^ ^ ^^{A Voice Activity 

Detector Employing Complex Laplacian Model} 
[^2] ##tr ^1 

^o] ^ £ tiling ^^14. 

£ 3^ £ ^Al^6)l ^ ^#711- 

<5> 3GPP ^ 3GPP2 ^<££\5l $1t= #tfl^ -g-^ (speech) iS^M 7}^ 

(variable rate transmission) 7l<£-fr iL^t}. o]e^ 7>^# ^«fl, ^ 51*] 

(codec)^ &s§°} ^°\] 3£r ^ HI- <r ^ ^#71 (voice activity 

detector)* ^^*fl 0 > ^r, ^#(voice Activity Detection, °1*> 'VAD'^ ^) 7j^ 
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°1 -S-^ (variable rate speech coding) ^ 7l^H ^ l:7>^tb 

<6> #^<>1 3 Si ^(noisy speech; °l*r -g-^'°14 #)o.3.JfEl #-g-4 ^ 

s>M- 7 > i^H 5 j^ ^Es^r}- ^ ^tr^Hr intuition)^- <>l-§-tr ^ 

wItt^^ 7l«V £. ^(spectral irregularity measure-based model) 0 14. ^-tf^, °1 

2.^1 nfs^ ^4 ^ i^H^-i: 7>*lfe ^-g-o] ^-f , *1^4 nHS 

<7> tr^, 2- c I* ^SjsH VAD^ ^^§- 71 W Afls.^ <gJLZ\^-o] - A 

statistical model-based voice activity detection', IEEE Signal Processing Letters, Vol. 
6, No. 1 ppl-3, Jan. 1999 by J.Sohn, N.S. Kim and W.Sung^ fe^-M^r ' % v S-g-*l 1' 0 14 
#)6|) ^olsl^c)-. ^-7] 7>^2] ^^-ofl 7>^ til-ir Jl|iB( likelihood 

ratio test; 'LRT'e)- SOS^M VAD^ ^ ^(decision rule)* 

<8> VAD ^Jl^^^r ^S. o]aV ^&)<i ^^(discrete Fourier transform; °1*> 'DFT'^ ^r) 
<*! Jg-^^t-ll , f^5fl<^ VAD «3MLii|#£- 71-^-Ajo} ^(complex Gaussian 

density)^ 3*fl fl^^r -g-^ (clean speech)^ £5L« 4"g-*r^4. 

o> zie^uj-, DFT Tfl^l- 4^ 7HM# ^11 4-§-*H ^ 2.1^ ^ 

-f ^s^l $5. ^}7\ 9X9X7] ^°\), DFT Tfl^-I- *fl5.£ £i 3-^°) SL^ 
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eH&eW<?]: 7>-f a] ^-g- a] jn*vcf . 

<12> og^s} ^ofl tfl*M ji^ ^«8*H, ^^>°J^^ -8-8 -tiM ^r^Hr ^ 

<3°1H ^ SZS.^- *Rr ^ ^71; 

<W> ^"71 #-g- sHU ^-^(20)3.^ ^£ ^ aij:^ sj.^A„, fc (t)^ g^e^o). 

^-1- s.'tS-^Ei VADCvoice activity detection)^ ^ 31^*1-^ 7}^ wl^r 31 

^H(LRT) 741^1- i^-fVcf. 
<is> £E^r, £ !Hgo) j^iofl 4= 4^ ^^Alo> £fl: °1 -§-*!; -g-^ ;g# 
<16> ^6\] ^cas] -g-^ofl cfl^H ^r*3*M , <3 ^ 

<17> #7jHH #^5^ <3<* ^ ^-o.6fl O,^^ ^ ( X (k) )iL5.^-Ei ^ A]Jr 

<18> A J"7l ^€ ^1^^ s^V^s}- 4^ ^ S-tS^-El VAD^I 
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<19> ol^H^fe £ ^^Hii- #2:«H ^Ml*l 

< 20 > £ cf<#*r #M DFT *|^« VAD^l 

<21> £ ^AHHA-^ tj-^ ^Ofl 0.<*€ -g-^ S^^HAi ^ <$Jr^ 

(Goodness Of Fit; *1*V tf) 3-§-^*-iM W*H*> 

Hlja^b ^, al-i- i^HCLikelihood Ration Test; °l*r 'LRT'e} ^ 

^(Decision Rule)^: JL^ tr^. 
<22> l. ^f-^l^ 5-*£ 

< 23 > -413: X(t)^- ^ S(t)s1 X(t)e1-uL 7>^W. °H, 7>*| H 0 ^- Hi 

X(t)^r t^s] 14 ^*vai 21- 

<24> j^-g^i if 0 : speech absent : X(£) = N(t) 

<25> , , , JTx : speech present : X(i) = N(t) + S(t) 

2] 

<26> ajyH, X (t) = [X 0 (t), Xi(t). .... X M -i(t)F, N(t) = [N 0 (t), Ni(t) N M _i(t)]T, 

S(t) = [So(t), Si(t), .... S„_i(t)] ^ AA -A ^ 

£$KDFT) ^^r°14. 

<27> aj. 7 }*V H.t£r a^^tb DFT Tfl^ §lt ^Bfl^o^.*) £ ^A] 

oflofl*!^- DFT 7^1^S] aj^tr £3.5. >H 7>^-a1o> Wr^r US. ^(probabilistic density 
function, o}*} TDP5+ *H«|S>fe tfl^O 4i^r 8**^*1 «& 
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<28> 4^ 7H-Al*t PDF°1] A i , <>J= 7>^(Ho, Hi)^I 3*11 ^ ^(noisy 

spectral component)^ £5L*r 34 4^ £<>1 ^o^. 

<29> 1 r |Xfc| 2 , 

PG(^fcl^o) = -r— ex P(-T— } 
3] ™' fc 

Pc(X k \ Hl ) = ex P {-J^L]< 
, , , ^ v 1 7r A n ,fc+A 8)fc A„,fc+A s , fc 

<31> o}7H, jq. A ».* ^ zj-zj- ^ Nk ^ ^ ^ S k ^ ^(variance)* 
<32> *V3Q j 4^ ej-S-eJ-Al o> PDFofl^, DFT 3l^r X k 3 *H^-(real part)** 

(imaginary part)* 44 X k(R) ^- X k(I) 5L 7>^Ki, X k ( R )*r X k(I) ^ 4^ «W1 5^ 6* 

p(*k(K)) = — eX P( 



<33> 

PlAnml — 

(7 



5] 

<34> 1 f 2|X fc (/)k 

p(X fc(J) ) = -exp{--^} 



<35> 



yjij. zj-^ ^-f- ^ p(X k )» ^ ^ SZ^r. 

<36> 1 / 2 (\ X k(R)\ + \X k{ i)\) y 

< 37 > ^^VAl 7^- A>-g-S>a} , cf^-sl ^^-^ 83]- 9sq- DFT ^it ^ 

<38> 1 , 2(\X k{R) \ + \X k{r) \) 
p L (X k \H 0 ) = exp{ y= } 

[^■gJ-Xj 3] *n,k V A «.fc 
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<39> 



•exp{ 




<40> VAD 3*fl*l, ^ ^lil^r H 0 ^ M ^ ^ 

^EBj iL4i# ^313 *}tH3 Bfl^HCstatistical fitting test)!- ^OT". 

<4i> ^f-^H^(PDF)^ ^i«^r ^sfl, £ ^lii^ir GOF EfliE^ £ 

Kolomogorov-Sriminov ^HC^r, 'KS ^H'b* KS 

<42> KS EliHr ^"^^tl(empirical) ¥^ ^-S. thr(cumulat ive distribution function; 
°}*\ 'CDF'Sr f-) Fx* ii^sl £3. t]-*r F^ «1 51^:4. ^3 CDF^r R.C. Reininger^r 
D.GibsoiH ik3.& fc€-(°l*r. ' 2'°l£r tr)<?l "Distributions of the two 

dimensional DCT coefficients for images,' IEEE Trans. Communications., Vol. Com-31, No. 
6, June 19831- 

<43> 4>7] fe ^ofl 7li£tr ^3 CDF^r x = [*o,*i,--- ,*at-i] t 7} #-g--g-^ DFT 
Ejofl^ ufl, 4^-31 10JL5. M-^^i ^ Sl^f. 

<44> F X (i) = 



[^SVAl 10] I 1, z>X (N) 

c^ 7 ]a] > X {n) ,n = (),••• ,N - lo. -f- 31 (order statistic) 0 ^. ^Itr £ 

*1 -f-XIS 31^71 $|*fl, -g- ^HHHtt X^l ^(element)* M-*H , 7># 

^ioj Xcq)^^^ €■ ^^i^l X (N -i)*l-*l Hfl^tb^. 
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< 46 > £S] ^f>}7] 4^^ c^^ ^^JfE^ 642^?!^ 

^(speech material)* ^*r£i^, NOISEX-92 ^e^H^l^ ^#*1 ^ 
(white noise)^ *}*$ ^(vehicular noised ^liLtfl (SNR)7> 10dB°J ^ 41 

<47> £ l£- -g-^ ^B^(^^f)^ B^sH^ CDF ^ 7>-f Alo> CDFl- CDF 
^ HlULtV ZLBfl^S^i, (a)4 (b)fe ^4 Hl ol «JH ^(SNR=10dB)4 ^ #£(SNR=20)<?1 3 

< 48 > £ 15L«-Ei , #-g- £ ^ ^ e^^X|o> CDF 5] 7>-fAlo> 

CDF^ ^ iltf CDF 7>^-4^ 3* °s v <r 

<49> CDF^ ^<H*I &i A M3 ^ ^^*>7l ^*fl, £ ^*HHH 

^ ^7l ^-Sfe^ 2°JH *H<?>t!: KS BfliB -f-Tfl ^(statist ic)w 
<so> KS eS -§-7fl^(T)^r 4^ ll^l- ^-ol ^^l^cf. 

<51> T = max \F x (Xi) - F(Xi)\ 

11] 

<52> <^7H, ^ iolelx^oflAi ^ Fx(Xi)^- F(Xi) *H<5] 2*tfl ^o]7> 7]Z\*\] n^W. 



<53> ^ ^lofl cfl^cx) c-Ho]e^ tfl^H^Rr ^-f , KS -f-Tfl^ M-EHlfe ^ 

C-flo}E^ofl 7H> 3^ ?ASLsL JLZ\H ^ $X^. £- 1^ ^ «T^^ ^ 

DFT 7)1 KS tfliSS] M-^^cf. 5. 1<>1H G4 L^r 7>-f ^oj- ^ 
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<54> is. 1] 



noise 


white 


vehicular 




babble 




SNR(dB) 


5 


10 


15 


5 


10 


15 


5 


10 


15 






0.043 


0.078 


0.129 


0.211 


0.223 


0.231 


0.129 


0.165 


0.198 


Hi 




0.031 


0.025 


0.068 


0.164 


0.177 


0.186 


0.071 


0.107 


0.145 


G;X k (D 


0.044 


0.081 


0.134 


0.214 


0.225 


0.232 


0.142 


0.173 


0.203 






0.028 


0.026 


0.073 


0.164 


0.178 


0.187 


0.080 


0.116 


0.149 




G\ Xk(R) 


0.045 


0.052 


0.063 


0.238 


0.270 


0.311 


0.149 


0.127 


0.136 


Ho 




0.024 


0.024 


0.023 


0.189 


0.237 


0.277 


0.088 


0.167 


0.078 




0.051 


0.059 


0.071 


0.243 


0.275 


0.325 


0.153 


0.127 


0.134 




L;X k (D 


0.019 


0.016 


0.021 


0.243 


0.237 


0.278 


0.093 


0.067 


0.075 



S. SL^ #3 «WH 4€4*1 0 J: 2-1^ KS ^-Tfl^CTH 7>^Alo> 

KS #7fl^ J±4 3** £ *r &4. W*MS> SL*°1 7l~M«r aifiiLtf DFT Tfl^ 

» 2.^*Hr3] €^ ^^Wr ° a v *r &4. 



<56> 2. LRT°fl 7l^tb ^ ff^ 

< 57 > M- ygi%si\ ^Hfe 7>^€ SL^^fl 7la*H, k^*fl ^^Hr ^(binHl tfl^ 7>^ 

^ til ^(likelihood ratio; °l*r 'LR'ol4 124 £<=>1 3l^r£4. 

<58> A _ p{X k \H x ) 

12] fc- P(*fcl#o)' 

< 59 > vAD» W ^ ^(decision rule)^ ?m «4! « LR^ 7l*>*}-^ sg^-o. 

^€ 5^°}, 4"§-^ 134 44*i ^ $14. 

<60> ^ M-1 ffi 

log A = — ^ logAfc > 77 
131 fc =° 

<61> o^H, 41* &^&°14. 

<62> H 0 ^ Hi<H| tfl* ^2fl£) 7HM<£ ^ioflAi LR^: 4^3 14<*H 3 ^*M4. 
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<63> A< G > = PoiXjM) = _l_ exp /J^\ 

[ + ^ 14] k PG(X k \H 0 ) 1 + + 

<64> <$7}*], = K,k/K,k 0 )ji > Ik = \x k \ 2 /x 7l 0)4, 

<65> $Jg f 2}t^A]oJ 2.^0)1 7j^H Tfl^ LR-& 4^ ^4 154 £4. 



<66> »W Pr(^fclgi) 1 J 0 , Y ,.| Y ^ l^fcl-y/A^ V 

Afc = ^73rTw^> = Trr ex P \ 2< i x HR) + — hv lx ) 
[^tV-il 15] Pt^fcl-HoJ 1 + !> v V|X fc |A rtifc /■ 

<67> <*|7H, VAD^ ^ SE^r ^sfl ^-313^ S^t^ 444 #-g- 4^-1 (noise 

power) {-W(*)>4 -g-^ ^(speech power) {A.,*(t)H cfl*]; 3^ ^MH <i|*lH£ ^^^cf. 



<68> 3. ^4 

<69> £ if^o] ^XHHHir 4#44<?]: 7>-f Alo> ^cflcq Aj^g- ajj^j ^ 

4 atofl tfltb ^ 44 ^t(/' ( /)3f ^(false alarm) ^l-C/ 7 /)^ S4*r^4. 

<70> £ 2^ 5dB SNR°fl4 sH^eWSt S.<14 4^*1 ^-g-tt VAD^ ^-4 

44^ ZLEflHSAi, ( a )4 (b)fe #-g-4 4^ 4^-°J 44\H4. £ 2*114, 

^lJL^4 7>^-^ol 44 ^ ^-l-(/^)4 _£-ff-( false alarm) ^%{Pf)% 44W. 

<7i> £2<H1 £Al*l ^a|71 ^4 ^AS^-Ei, ^ JEM 4°H*r H3H^--2- 

£7} ^n^tRr 7 A^ ^ ^ 44 ^i-c^oi 3# ^^oo% sa^, 4 

4^4*1 °J H.^ 71^ ^ fl-^ 44^r 7HM<& ^ ^114 4 #4^ 

3-§- ° a v ^ &4. 

<72> ol^VoflA-l ^t^*l ti ].<4 ^-ol ; ^-o. ^ofl^ 4^ ^eJ-Alol 71^4 VAD 

7} 4ir 7r- s M < & 7 ]tiV^ VAD J±4 3 #^ ^^§- 44^4^ <£ ^ &4. 
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<73> 



<74> 



<75> 



(10, Fast Fourier Transformer; FFT) , 43 ^^(20), LRT Tfl^Jf (30)-& 5L^tr4. 

<76> FFT(IO)^ -H^r ««r*H, ^4^ ^^14 =^ 

#-§-ofl ^(X(k))* #^>4. ^-a- =rfl ^^(20)^ -*7l FFT(10)sL^-&| # 

^5]^ <g<* aJ-o] ^.c.6)] o_<g^ ^(X(k))°-S.^-El Aljro} 4^# ^^fVcf. 

LRKLikelihood Ratio Test) 31^(30)^ #-g- 43 ^^-¥-(20)S.-¥-E| 

sttf\*n,k(t)q 7 ]$shq ^a]^^ ^^hkho, Hi)«>fl 4i-44<?> 41" *?fl 

<77> 6H, ^ ff*)^ M><q. ^oj, 7 flrt ^ofl tfltr 7>^ tfj-g-S- 

(Likelihood ratiosH tfltr 71s} *%^o_3, ^^M, 4#44 < £ S. 1 !^ 7}^ ^ 
4 15<^1 ^€4. 

<78> ol^v^Ai if^o} aJaHH cfl<5H ^^^1-^0.4, ^-71^ ^HH^ tr^ 

5]^ 44^, zl 44 4^ #344 7}^44. 

[^4 J" 41 

<79> al-SMM 44 £4, # ^4 ^ ^#71^ 41-44 < & -f-^ 4-§"47l 

*fl-£-«ll, 4^ 7>^-Alo> 71 til ^ VAD J±4 4 ^-g- Uj-Ef^ ^ &4. 
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1] 

^°fl tfl*H Ji^ ^FeH £^8r ^*8*H, ^R^^s] -g-^JL* <8 

^oflAi ^ ^ ZL^ ^^Hr ^71; 

-g-^(X(k))JL5L^ ^ s)-^( A «,fc(*)) t ^*}±r 4^ ^8^: 

>*7l ^ ^ ^^(20)^3 ^€ 41:M bJ-^WC*)^ 4^ sH^H** 
SJ-f- Jf-Tfl S-tS-^-Ei VAD(voice activity detection)^ ^ ^1^>^ ^Fs^ 31 

^H(LRT) ^l^t S^Rr 4^ *3l S-l-^- o_s$ ^#7l. 

2] 

^"71 ^ fl-^^r k ^r^Hr^ cfltV 7>^ til^( Afe )^ 71^^ A o V 7] 

7}^ wl-i: Afc £- 4-§-^ 

Afc _ p(x fc lg x ) 

p(X t |JTo)' f _ 7 ^ h 0 ^ ^4 ^^1317> ^ ^l^ 7 !- ^ 

3] 

#71 5}#e^Alo> ^-^1 S/g-g; ^-§-tt 7>^^ yl^:^ 4^ T^^-S. 
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w _ PL(X k \Hx) l 



p L (X k \H 0 ) l + £ fc 



exp{2(\X k(R) \+\Xm)\)( 



\X k \ — y/A»,fc \ 

>/l^fc|A„,* 




x k (R)^ x k( D^ x k sl *H^f«- M-^-^sqfe 3* ^ 6. a t }±=- 4^ ^#^1 

<im%. ^°\] tfl^ jl^ ^*s*h, ^m^^si ^4^r <s 

#71 ^ofl aij:^ ^ 4^ £HteMo> si-i- ^.^i s^w. 

Ei VAD^l ^ fl-^l-fr 7ll#-^ ^1* s^*Rr ^1 2.1-* 

#7l ^ k ^^1 tfl^b 7>^# Ul-§r«q 7l^2j ^°H, #7l 7>^ 



#^#^7> -§-# #^7> M^MH , X k ^r k #*fl ^^H 

Cfc = K,k/K,k > Xk(R) ^ Xk(I) - Xk ^l M-El-^-O.^. l^El^r 4^-°5L 

*}^r ^€^1°J ^l Eff Ol-g-^ -g-^ ^# w o V^. 



{L) _ PL {X k \H{) _ 1 



exp{2(\X k(R) \ + \X HI) \)( 



p L (X k \H 0 ) i + £ fc 



x/|* fc |A n , fc ^_ 



^7H, 7V^ Hq^ Hi^r 44 
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[51 2] 




0.86 
0.28 



0.30 0.32 0.34 0.36 

false-alarm probability 



0.38 



0.40 




0.93 
0.12 



0.16 0.20 0.24 0.28 

false-alarm probability 



0.32 



0.36 
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